The purpose of this study was to identify patient, intensive care and ward-based risk factors for early, unplanned readmission to the intensive care unit. A five-year retrospective case-control study at a tertiary referral teaching hospital of 205 cases readmitted within 72 hours of intensive care unit discharge and 205 controls matched for admission diagnosis and severity of illness was conducted. The rate of unplanned readmissions was 3.1% and cases had significantly higher overall mortality than control patients (odds ratio [OR] 4.7, 95% confidence interval [CI] 2.1 to 10.7). New onset respiratory compromise and sepsis were the most common cause of readmission. Independent risk factors for readmission were chronic respiratory disease (OR 3.7, 95% CI 1.2 to 12, P=0.029), pre-existing anxiety/depression (OR 3.3, 95% CI 1.7 to 6.6, P <0.001), international normalised ratio >1.3 (OR 2.3, 95% CI 1.1 to 4.9, P=0.024), immobility (OR 2.3, 95% CI 1.4 to 3.6, P=0.001), nasogastric nutrition (OR 2.0, 95% CI 1.0 to 4.0, P=0.041), a white cell count >15×10 9 /l (OR 2.0, 95% CI 1.2 to 3.4, P=0.012) and non-weekend intensive care unit discharge (OR 1.9, 95% CI 1.1 to 3.5, P=0.029) . Physiological derangement on the ward (OR 26, 95% CI 8.0 to 81, P <0.001) strongly predicted readmission, although only 20% of patients meeting medical emergency team criteria had a medical emergency team call made. Risk of readmission is associated with both patient and intensive care factors. Physiological derangement on the ward predicts intensive care unit readmission, however, clinical response to this appears suboptimal. key Words: intensive care ward, medical emergency team, readmission, respiratory disease, sepsis Anaesth Intensive Care 2010; 38: 723-731 N. Makris, J. M. DulhuNty et al
Intensive care unit (ICU) beds are a valuable commodity 1,2 with considerable clinical, financial and administrative pressure to optimise their use [3] [4] [5] . While ICU readmission may be associated with significant patient and healthcare costs, reliably identifying patents at risk of readmission has proved elusive. Prior studies have indicated that readmitted patients have a mortality rate of between 2 to 11 times that of non-readmitted patients and significantly greater hospital lengths-of-stay [6] [7] [8] . Proposed reasons for ICU readmission include recurrence of the initial complaint [6] [7] [8] , complications arising from treatment, poor responsiveness to therapy 7 , comorbid complications 9 , onset of new medical conditions and failure of the receiving unit to cope with the level of care demanded by the patient.
Discharging patients from the ICU is, however, a complex process which is often based upon clinical judgement, the type and functionality of the institution involved and external forces such as staffing and pressure for beds. The importance of ICU readmission is underscored by the fact that unplanned ICU readmission within 72 hours of ICU discharge currently remains an Australian Council on Healthcare Standards intensive care clinical indicator for ICU performance. There have been an increasing number of studies looking at the prediction of ICU readmission . However, most have had one or more significant limitations, including a small sample, lack of a control group, no multivariate analysis and failure to examine antecedent ward-based factors. Additionally, there is a paucity of data examining this important topic from Australasia 9 with the majority of key studies arising from North America 7, 8 . With this in mind, we set out to identify patient, intensive care and wardbased risk factors for early readmission to a mixed Australian ICU over a five-year period.
MATERIALS AND METHoDS

Study design and location
We conducted a retrospective case-control study of all early readmissions (within 72 hours of ICU discharge) to a single-centre ICU from 2001 to 2006. The location of the study was Royal Brisbane and Women's Hospital, a large 900-bed adult tertiary referral teaching hospital with a mixed medical and surgical ICU, managing all forms of critically ill patients except cardiac surgery and solid organ transplant patients. During the study period, the ICU comprised 18 ventilated beds and eight nonventilated high dependency unit (HDU) beds used primarily for post-surgical monitoring. our institution does not have intermediate care areas or HDUs within the general wards, with the ICU and HDU functioning as one unit. Discharges from the ICU/HDU service therefore occurred to wards with a similar level of patient monitoring, the only exception being discharge to the coronary care unit. yearly admissions to the ICU ranged from 1300 to 2000 during the study period with a mean Acute Physiology and Chronic Health Evaluation II score of 16±8.3.
The choice of the study period was deliberate because in 2001 the ICU of the Royal Brisbane and Women's Hospital moved to a new facility. At this time, the medical emergency (response) team (MET), tracheostomy team and non-invasive ventilation respiratory failure service were already established. Tracheostomy care and the non-invasive ventilation service are carried out by other departments within the hospital and are not specifically ICU-based. The MET continues to operate from within both the emergency department and ICU to provide combined coverage across the entire hospital campus. Both services provide medical and nursing staff cover. In addition, the physiotherapy service continues to provide 24-hour, seven days per week coverage which has not altered. of specific note, we have not instituted ICU liaison nurses or a specific ICU outreach service other than the MET. Institutional ethics approval was obtained for the study. The need for informed consent was waived as data collection was retrospective and de-identified.
Case-control selection
Cases were defined as patients with an unplanned ICU readmission within 72 hours of discharge. Planned readmissions (e.g. those who needed another semi-elective procedure and required postoperative ICU monitoring were specifically excluded. Each case was 1:1 matched by operative status, principal diagnosis and Acute Physiology and Chronic Health Evaluation II score at ICU admission. Cases were matched on the same ICU admission number where possible, and by nearest ICU admission date. The index ICU admission was defined as the admission preceding the ICU readmission for cases and the matched admission in controls.
Study variables
Patient factors included age, gender and comorbidity status. Intensive care factors included colonisation with a resistant organism during ICU admission, extent of mobility prior to discharge, presence of a tracheostomy at discharge, central venous catheter access on discharge, nutrition route at discharge, after hours discharge (1700 hours to 0729 hours), weekend discharge (0000 hours Saturday to 2359 hours Sunday) and most abnormal physiological and laboratory parameters in the 24 hours prior to discharge (heart rate, white cell count [WCC], respiratory rate, haemoglobin, international normalised ratio [INR] and sequential organ failure assessment subscale scores, excluding the central nervous system sequential organ failure assessment subscale which had a high rate of missing values). Ward-related factors included whether or not the patient fulfilled MET call criteria or were the subject of a medical emergency or cardiac arrest call, developed systemic inflammatory response syndrome or sepsis, or had a non-treating team review in the 72 hours after ICU discharge. Data relating to the ICU admission was extracted from the 
RESULTS
Study population
There were 244 unplanned readmissions to the ICU within 72 hours, representing 3.1% of patients alive at first ICU discharge (7934 patients). Thirtynine pairs were excluded as the patient record was not available for review. Demographic details of the 205 remaining cases and controls are displayed in Table 2) . Table 3 compares the reason for index ICU admission with the reason for readmission among cases. Fifty-two percent (107/205) of cases were admitted post-surgery on the index ICU admission, while only 23% (47/205) were postoperative on readmission (P <0.001).
Reasons for case readmission
Ward-related factors
The need for a non-treating team consult was significantly associated with readmission ( Table 2) . This included ICU consults in 101 (45%) cases and in one control (0.4%) admitted to the coronary care unit. Reviews for respiratory (56 vs 11%, P <0.001), neurological (15 vs 3%, P <0.001), cardiovascular (34 vs 25%, P <0.001) and infectious reasons (18 vs 11%, P=0.001) were more common in cases than controls. MET criteria were achieved in 31% of patients (Table 2) , although a medical emergency call was actually made in only 20% of these patients (25/128).
Factors predictive of readmission in multivariate analysis
Five factors were independently associated with readmission in multivariate analysis (Table 4 ). When only patient and ICU-related factors were considered, seven factors were associated with readmission ( Table 4 ).
DISCUSSIoN
We found a significantly higher hospital mortality (over four times higher odds) and length of hospital stay (10 days longer) in readmitted patients. While only a few studies report readmission rates within 72 hours [30] [31] [32] , our focus was on early, unplanned readmissions, as we hypothesised that factors potentially modifiable in the ICU may be more significant in the first 72 hours of discharge to the ward. our rate of unplanned readmission (3.1%) was comparable to the 1.3 to 3.0% reported in previous studies [30] [31] [32] . We found the most common reasons for readmission to be respiratory failure followed by neurological deterioration, cardiovascular insufficiency and sepsis. of these, respiratory failure and sepsis were more likely to be new problems acquired since the index admission, while patients were significantly less likely to be postoperative or have gastrointestinal and trauma-related readmissions. Readmission for a similar condition occurred in 39% of patients, which is within the range (19 to 53%) of previous reports 36 . Similar to our study, Chen et al 8 found new onset pulmonary failure accounted for almost 60% of new complications in a cohort of 236 ICU patients, while Durbin et al 34 found respiratory problems accounted for over 50% of readmissions in a case-control study of 82 patients.
The patient risk factors of chronic respiratory disease and comorbid anxiety/depression were strongly associated with readmission in our study, each tripling to quadrupling the odds of readmission. As respiratory complications are the most common reason for ICU readmission, it would seem intuitive that a background of chronic respiratory disease would be associated with ICU readmission. This finding has previously been reported at our institution 9 . The risk of ICU readmission with comorbid depression and anxiety has not been as extensively studied, although depression was previously identified as a risk factor at our institution 9 . Studies in other patient cohorts have, however, found symptoms of depression and/or anxiety to be strongly associated with poorer outcomes, including hospital readmission, length-of-stay, symptom burden and survival [37] [38] [39] . Reasons why readmission may occur more frequently in this group may include comorbidity, reticence or oversight in recommencing psychotropic medication or a lowered threshold for coping in a less supported environment.
Independent intensive care risk factors for readmission in our study were a prolonged INR (>1.3) in the 24 hours prior to discharge, nonmobilisation, nasogastric tube nutrition at discharge, a raised peripheral WCC in the 24 hours prior to discharge and non-weekend discharge, with each factor doubling the odds of readmission. our finding that an INR >1.3 was associated with early readmission is not explained from this study, however it may represent unresolved organ failure or be a marker of unresolved or evolving sepsis, in keeping with a raised WCC. We additionally found that if INR was excluded from the model, then haemoglobin below 100 g/l was independently associated with early readmission (results not reported).
A previous case-control study at our institution found immobility in the ICU to be a significant factor in bivariate but not multivariate analysis, although neuromuscular weakness, including critical illness polyneuropathy, was independently predictive of readmission 9 . While we did not examine critical illness weakness as a variable in our study, it may well be a component in explaining the independent association observed between readmission and reduced mobility. The inability to mobilise, for whatever reason, implies a poor general physiological condition and itself predisposes to a large number of circulatory, respiratory, infective and other disorders that may precipitate further deterioration.
The route of nutrition that a patient receives on ICU discharge has not previously been associated with readmission. In our study, patients receiving nasogastric tube feeds were more likely to be readmitted than those receiving nutrition via other routes. Nasogastric tube feeding may be a marker for sicker patients, poor central nervous system recovery or bulbar dysfunction and predispose to secondary complications such as respiratory or sinus infection, aspiration and sepsis.
An elevated WCC predicting readmission corresponds with our findings of sepsis being a significant factor associated with readmission. While there are many causes of a leukocytosis in the critically ill, this finding may suggest that some patients have incompletely resolved (or undetected) infection at the time of their discharge. We found that one-third of patients with sepsis in the ward had an elevated WCC on discharge. Interestingly, an elevated C-reactive protein at discharge has also been associated with readmission 10, 17 . Although nonspecific, the persistence of elevated inflammatory markers may be indicative of unresolved underlying pathology.
Although we did not find after-hours discharges to be associated with readmission, non-weekend (i.e. weekday) discharge was. It remains difficult to ascribe significance to this finding. Possible explanations are purely speculative and include bias created by patterns of physician behaviour. With a tendency for the general wards to be understaffed at weekends, in particular with regard to medical cover (e.g. home teams absent, cover by unfamiliar staff), there is a natural reluctance to discharge complicated and possibly more physiologically impaired ICU patients on the weekend. At our institution there is a clear preference for weekday discharge for this type of patient. other factors contributing to the uNplaNNeD iCu reaDMissioN Anaesthesia and Intensive Care, Vol. 38, No. 3, May 2010 higher incidence of readmission during the week would include greater pressure for discharge to accommodate elective surgery admissions and inter-hospital transfers. Thus, during the week there may be a greater tendency to discharge patients with persisting organ failure, or those who, in an ideal world, may have been kept within the ICU longer.
of the ward-based factors, criteria for an MET call signal gross derangements from normal physiological parameters and we found that patients who fulfil these criteria were 25 times more likely to require readmission. The purpose of the MET team is to provide timely intervention to a decompensating pathological process and prevent further deterioration. If the underlying cause is not immediately treatable in the ward, the patient may inevitably require the support offered by the ICU. It is notable that of the 31% of patients (55% of cases) discharged from the ICU who fulfilled MET review criteria, only one-fifth of these received such a review.
We did not attempt to investigate the reasons why MET calls were not made or the appropriateness of ward-based intervention. However, ward-based factors that may work synergistically with patient and illness-related risk factors for deterioration include lower nurse:patient ratios, less vigilance for deteriorating physiology, delays in prompt medical attention for the decompensating patient and failure by junior medical staff to interpret signs of an impending medical emergency. The vagaries of ward-based care were demonstrated by Alban et al 12 who found a significant number of patients had respiratory therapy orders discontinued or delayed upon transfer to the ward. Similarly, McLaughlin et al found 10% of ICU discharges were associated with adverse events, with about 50% of these judged preventable 40 .
Scoring systems such as the patient at risk 41 and modified early warning scores 42 are designed to detect more subtle deteriorations in physiology than the MET criteria and evoke a graded response from the treating team depending on the degree of the physiological abnormality. Such scoring systems may lead to improved clinical outcomes, lower ICU readmission rates and shorter lengths-of-stay in readmitted patients 43 .
Accurate prediction of who is at risk for ICU readmission following ICU discharge continues to remain an elusive goal. Some authors have advocated the use of multi-component scoring systems 24 , however these may be institution-dependent and modulated by clinical judgement and individual practice and, as such, may not be applicable across differing ICUs with differing case mix. Although we identified a number of salient risks for ICU readmission which may inform the construction of a readmission score, testing in a prospective cohort would be required. The design of our study did not allow us to do this. Nevertheless, the risk factors identified by us may help raise awareness amongst clinicians for patients at higher risk of readmission since they have been generated in a large multi-disciplinary Australian ICU. In particular, persisting organ dysfunction and the patient's comorbid illness history seem to be of signal importance.
our study has a number of limitations. Retrospective data collection was limited by missing or incomplete documentation in 16% of unplanned readmissions. The case-control study design meant that risk factors significantly influenced by the matching criteria could not be evaluated or were potentially underestimated in terms of effect size. Changes in staffing, bed pressure, clinical practice, referral patterns and admission diagnoses over the five-year study period may have introduced unintended bias into the study. However, the effect of these factors is reduced by the large sample size and matching on admission time to minimise seasonal variation.
CoNCLUSIoNS
Recognition of at-risk patients for early ICU readmission remains difficult. ICU readmission with-in 72 hours was associated with higher inhospital death rate and length-of-stay. Factors identified in this study include patients with a history of chronic respiratory disease and pre-existing comorbid anxiety or depression. Additionally, reduced mobility on ICU discharge was associated with early readmission, underscoring the importance of early mobilisation in critically ill patients. As in other reports, unresolved organ failure on discharge remains of importance, manifested in our study by leukocytosis and coagulopathy at discharge. Recognition of these factors may allow for improved ICU discharge planning and handover, including the potential for step-down care. However, our study provides strong evidence that more focus needs to be placed on modifying ward-based risk factors for readmission. This may include outreach services from the ICU to recently discharged patients meeting risk criteria or more effective systems to identify and respond to the early warning signs of deterioration. While ICU readmission rates close to zero are unrealistic and potentially sub-optimal, future efforts into optimising transfers into and out of the ICU requires a whole-of-hospital approach.
